Higgs discovery: the beginning or the end of natural EWSB? 
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We use global fits to analyze the most recent Higgs data from ATLAS, CMS and Tevatron and 
compare the Standard Model (SM) prediction with natural extensions of the SM. In particular we 
study wide classes of composite Higgs models based on different coset structures (leading at low 
energy to different Higgs sectors including extra singlets and Higgs doublets) and different coupling 
structures of the elementary fermions to the strong sector. We point out in what situations the 
composite models could improve (or worsen) the fit to the data and compare with similar trends in 
the MSSM. 



A particle consistent with the SM Higgs boson has 
been discovered: Scr deviations have been observed 
both by CMS [1] and ATLAS [2], in the combination 
of 77 and ZZ channels. Whether this is the begin- 
ning or the end of an era of investigation of natu- 
ral realizations of the electroweak scale, it is not yet 
clear. 

In this note we perform a global analysis of how 
compatible this excesses are with the SM expectation 
of a Higgs boson at nih ~ 125 GeV, using the most 
recent data from ATLAS, CMS and Tevatron. It 
is then interesting to analyze different natural theo- 
ries beyond the standard model (SM), to see whether 
they would be preferred or disfavored by the present 
trend of data, and to understand towards which di- 
rection the parameter space of such theories is more 
likely to shrink. We first turn our attention to a 
large variety of composite Higgs models [3], high- 
lighting which features in these models tend to im- 
prove/worsen the fit to the data. In section HI, 
we begin with the minimal composite Higgs models 
(MCHMs), with coset structure SO(5)/SO(4), but 
with generic structures of fermion couplings to the 
strong sector (and hence to the Higgs boson) [3-5]. 

Larger coset structures can have strikingly differ- 
ent phenomenology. For instance in SO(6)/SO(5), 
which includes a CP-odd singlet besides the Higgs 
doublet in its light spectrum [C], the singlet couples 
to 77 through the Wess-Zumino-Witten term; this 
can enhance /i — > 77 if the Higgs and the singlet mix 
with each other. We show this in section IV and also 
study the case where, due to extra accidental symme- 
tries, the singlet can manifest itself through invisible 
Higgs decays. The possibility of mixing raises the 



question of whether it will be possible at the LHC to 
understand if the particle we observe is really the one 
whose VEV gives mass to the gauge bosons; we try 
to answer this question by singling out the exclusive 
channels (the ones with vector boson fusion (VBF) 
and associated production cuts) that carry mostly 
this information. 

We then turn to the last class of composite models, 
based on the coset structure SO{6)/SO{4) x SO{2) 
which delivers an effective two Higgs doublets model 
(THDM) at low energy [7]. We compare the predic- 
tions of this composite version of the THDM with 
that of the MSSM in section V. 

Global fits of Higgs data in the context of com- 
posite Higgs models, but limited to the MCHM4 [3] 
and MCHM5 [4] models, have already appeared in 
Rcfs. [8-12]. 

I. THE DATA 

We assume the existence of a unique Higgs-like 
state with couplings to the SM-gauge bosons and 
fermions 
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where we use the SM couplings as reference values 
and assume guvv = ghww = giizz- We take that 
the probability density functions (PDFs) provided by 
the experiments can be approximated by Gaussian 
distributions, and we use the theoretical prediction 
for the ratio [10], 
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for each channel i with production crossections ap 
and cut efficiencies Cp (which we take to be indepen- 
dent from the parameters a and Ct^b,T', the values of 
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are discussed in the Appendix) . We sum theoreti- 
cal [13] and experimental errors in quadrature (both 
errors are first symmetrized by average in quadra- 
ture and when negative error bars are not provided 
by the experimental collaborations, we have assumed 
symmetric distributions around the mean value). We 



TABLE L CMS, ATLAS and Tevatron data for the most 
sensitive channels. The cuts are classified as inclusive 
(I), associated production (A), vector boson fusion (VBF) 
or else (j'yx), see Appendix. ^^■S^''^'* denote the best fits 
for the 1.96 TeV Tevatron, and the 7,8,7+8 TeV LHC 
data. 
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summarize the data used in table I.^ 

ATLAS finds that the peak of the combined signal 
strength's best fit is at m/j — 126.5 GeV, which is 
within experimental error from = 125.3 GeV, 
where the peak of CMS occurs, so one can assume 
them to belong to the same resonance. We perform 
the statistical analysis taking the values at mh = 125 
GeV for CMS and Tevatron and mn = 126.5 GeV for 
ATLAS. For comparison we also study the case where 
TOh = 125 GeV is assumed for all experiments, this 
appears in the plots as dashed lines. 

Taking the ATLAS data at 126.5(125) GeV we ob- 
tain for the SM 

xIm = 26.36(23.9), (3) 

which for A^ = 33 independent channels corresponds 
to /N « 0.8(0.7). For the parameters mentioned 
above, in the case with c = Ct = Ch = Cr, the best 
fit (x^=19.4(19.9) which, for 33 channels and 2 vari- 
ables, A^ = 33 - 2 = 31 corresponds to x^/N w 0.6) 
occurs in 

c=-0.69(-0.61), a == 0.86(0.83), (4) 

while another local probability maximum (x^ = 
22.7(20.7), x^/N ~ 0.7) occurs for positive c at 

c = 0.69(0.68), a = 1.02(0.98). (5) 

hi fig. 1 we show the 68%,95% and 99% C.L. con- 
tours for the parameters a and c from a global fit of 
data from ATLAS and CMS. C.L. regions are found 
by finding the isocontour of P{x, y) = const such 
that / dxdy P{x,y)TT{x,y) = 0.99,0.95,0.68, where 
x,y are any of the parameters a,ct,Cb,Cr shown in 
the specific plot, Tr{x,y) is a flat prior and P{x,y) = 
niPDFi(x, y) (product over all the channels where 
PDFs are given). 

II. COMPOSITE HIGGS MODELS 

As shown above, the best fits occur for modified 
couplings of the Higgs boson to the SM fermions and 
gauge bosons. This is a typical features of Com- 
posite Higgs models [19]: for instance, due to the 



1 When data has been provided only in the combination of 
the 7 TeV and 8 TeV runs, we extract the information about 
the 8 TeV run assuming that the PDFs corresponding to the 
combined data can be written as the product of uncorrelated 
PDFs i.e. PDF7+8=PDF7PDF8. 
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FIG. 1: In green, yellow and gray, the 68%, 95%, 99% C.L. 
contours for the parameters a and c with the most recent data 
(table I). Upper plot: ATLAS with data taken at mf^ = 126.5 
GeV (dashed contours correspond to data taken at mi^ = 
12bGeV). Lower plotiCMS with data taken at m/^ = 12bGeV. 
A flat prior a G [0, 3], c £ [—3, 3] is used. 



Pseudo Nambu-Goldstone boson (PNGB) nature of 
the Higgs, the couplings between h and the W, Z 
gauge bosons are modified as 

a = yr^, (6) 

where ^ = f'^//^, / being the analogue of the pion 
decay constant and v — 246 GeV is the vacuum ex- 
pectation value (VEV) of the Higgs field. Interest- 
ingly, on the one hand ^ <C 1 from constraints com- 
ing from electroweak precision data (EWPD); on the 
other hand ^ is a measure of fine-tuning in these mod- 



els^ and is expected to be sizable. 



III. SO(5)/SO(4) AND DIFFERENT 
FERMION COUPLINGS 

While the strong sector alone is SO (5) symmet- 
ric, the couplings of elementary fermions to the 
strong sector break this symmetry, since the SM 
fermions do not fill complete SO (5) multiplets. We 
can parametrize these couplings as spurious which 
transform both under the SM-gauge group and un- 
der some representation r of SO (5) (the well known 
minimal models MCHM4 [3] and MCHM5 [4] corre- 
spond to r ~ 4 and r = 5, respectively). Depending 
on the size of r, the coupling of h to fermions / might 
deviate from the SM as [5]: 

1 + 2to- (l + 2m + n),^ 

' 

where m, n are positive integers which depend on 
r. The specific cases with m = n = 0orr7i = 0, 
n = 1 correspond to the MCHM4 (with c = ^1 - 
and MCHM5 (with c = (1 - 2C)/yT^), where aU 
fermions share the same coupling structure. Models 
with TO 7^ have deviations w.r.t. the SM of order 
unity (in the direction c > 1), even in the limit ^ — )■ 
and we shall not consider them any further. 

In the specific case with c = Cj = Cf, = Ct, the ef- 
fects of Eq. (6) and Eq. (7) can be well described in 
the (a, c) plane. We compare this theoretical expec- 
tation, for TO = and n = 0, 5, with the best fit 
from the combined results of ATLAS (at to/j = 126.5 
GeV) and CMS {nih = 125 GeV), for the parameters 
(a, c) in fig. 2 (the dashed contours show the same fit 
taking the ATLAS data at nih = 125 GeV). We as- 
sume that no states, beside the SM ones, contribute 
via loop-effects to the hgg and /177 vertices. 

Interestingly, representations leading to large n > 
4 can fit well the data also in the region with c < 0, 
where the rate ft, — 77 is enhanced, due to a posi- 
tive interference between W and t loops in the /177 
vertex (the fact that it is possible to have order 1 
changes in this coupling, from modification of or- 
der 0{v'^ / p) <C 1 is due to the large n > 4 en- 
hancement). To our knowledge, explicit models of 



^ The loop-induced potential for the PNGBs is a function of 
srav/ f and, without any fine-tuned cancellation, would nat- 
urally induce V ^ f OT V = 0. 
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FIG. 2: Global fit for the parameters a and c, obtained com- 
bining CMS and Tevatron for = 125 GeV and ATLAS for 
= 126.5 (dashed circles use ATLAS at m^, = 125 GeV); 
colors and priors as in fig. 1. The lines denote predictions 
of a generic MCHM; different curves correspond to different 
values of n = 0, ...,5 in Eq. (7) (m = Oj, going downwards 
(n = 0, 1 correspond to the MCHM4 and MCHM5). The red 
part of the curves is for < 5 < 0.25 and the blue dashed for 
0.25 < 5 < 1. 



this type do not exist yet in the hterature {n — A 
would appear in models where the spurions connect- 
ing SM fields and the strong sector transform as an 
irreducible representation rS5(8)5(8)5(8)5of S0(5)) 
and it would be interesting to see if realistic models 
can be built. 

As a final example, we consider the possibility of 
coupling top and down-type (6 and r) fermions in dif- 
ferent ways to the strong sector (models of this type 
have been proposed, for instance, in refs.[7, 20]). We 
show examples of this as dots in the ct, \cb\ plane in 
fig. 6 with Ct = and Cb = {l-2^)/^/T^ 

(black dot) and with ct = (1 — 2^)/^/l — ^ and 
Cb = Cr = VI — £, (gray dot). Fig. 6 shows slices 
of constant a: for this reason these models, which 
map into a curve in the 3D (a, Cf,, Ci)-space, appear 
as dots in the figure. The asymmetric couplings do 
not improve the fit to the data, which shows a pref- 
erence for the region Cb sa Ct. 



IV. SO(6)/SO(5) AND THE ROLE OF THE 
EXTRA SINGLET 



Higgs doublet, an extra CP-odd scalar 77 [6]. In 
the absence of extra symmetries, the scalar poten- 
tial is generic and the Higgs scalar mixes with the 
singlet: this is the most important conceptual dif- 
ference w.r.t. the SO{5)/ S0{4:) models as far as h- 
phenomenology is concerned. The mass-eigenstate 
basis reads 




cos a sm a 
— sin a cos a 




(8) 



where we take the mixing angle a a free parameter. 
The couphngs of r] (being a gauge singlet) to the 
SM fermions and gauge bosons arise only at the non- 
renormalizable level and are suppressed by powers 
oi V / f . As a consequence, mixing implies that all 
the couplings of the physical Higgs will be generally 
suppressed by cos a. 

Now, it is important to notice that in composite 
Higgs models no enhancement is generally expected 
for /i — > 77 [21] (see however refs. [22, 23] where ex- 
ceptions are discussed). The reason is that effective 
operators, mediated by heavy states, of the form 

CB^B^^B^'', cw-j^W^^W^'', (9) 

are generically supposed to be small by NDA argu- 
ments [19]: they break the shift symmetry of the 
PNGB Higgs and their coefficient should be sup- 
pressed by powers of a weak coupling over strong 
coupling. The coset SO{6)/ S0{5), however, admits 
a Wess-Zumino-Witten (WZW) term in its effective 
Lagrangian, corresponding to a quantum anomaly of 
the UV theory. At leading order in 1// (and without 
including the effect of possible couplings of 77 to the 
SM fermions) this includes 



£ C 



77 



327r2/ 



{uBB^^Bf^" + nwWrwp. (10) 



Therefore, in the SO{6)/SO{5) models, while all 
cross-section times branching ratios are reduced by 
cos^ a, the WZW term induces a coupling between 
77 and photons and can enhance the BR for photons 
(only3): 



T/t-y-y ^h-yj (cos^ a + sin 
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The light spectrum of models based on the 
S0{6) / SO{5) coset structure contains, beside the 



We ignore the contribution of Eq. (10) to the hVV vertex 
{V = W, Z), contribution which will always be smaller then 
the renormalizable one. 
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where F^^^ is the width of 77 —> 77 evaluated at 
rrir, — rrih, (in what follows F^^^ will be taken as 
a free parameter). Assuming that the SM fermions 
couple universally to the strong sector through spu- 
rious in the representation r = 6 of 5*0(6), the actual 
couplings of h to fermions/vectors become 

e = cos a , ' a = cos a\/l — £ . (12) 

We show this situation in fig. 3, where it can be seen 
that a sizable width of 77 — >■ 77 and a non-vanishing, 
but small, mixing angle can improve the fit w.r.t. the 
SM. Interestingly, as for ttq — >■ 77, the width of 77 — ?> 
77, being non-renormalized, could carry information 
about the structure of the UV theory: for instance a 
large number of colours iV ^ iVc in the new strong 
sector could lead naturally to F^^^ ^ F^i-,,^. 
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BR,„v BRi„ 

FIG. 4: The invisible branching ratio BRi„v = 

rj^/rf" for different values of ^ = 0,0.1,0.25,0.5 (solid, 
dashed, dotted, dot-dashed). The left plot is for = 125 
GeV, the right one uses the CMS data at mf^ = 125 GeV and 
the ATLAS data at mf^ = 126.5 GeV. Dots correspond to the 
best fit points. 
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FIG. 3: Tee best global fit as a function of a (the mix- 
ing between h and the singlet rj) and the ratio of the widths 
Tru-Y/^hi-yi here ^ = 0.25 and mf^ = 125 GeV are fixed and a 
flat prior in a & [—tt/2, 7r/2] and Vr^~f.-JTii^^i £ [0, 10] is used. 
Colors as in fig. 1. 

r 

The region where p''^"'"' vanishes, corresponds to 
a situation in which all couplings of the Higgs are 
reduced w.r.t. their SM values by a factor cos a, on 
top of the suppression due to compositeness. From 
the point of view of Higgs searches, this is indistin- 
guishable from the situation in which invisible decays 
reduce the visible branching fraction'*, with the iden- 
tification cos^ a Tl'^/iri^" F™"), where the su- 
perscripts differentiate between the total visible and 



invisible decay width. In the SO{6)/SO{5) mod- 
els, hidden Higgs decays are possible in the pres- 
ence of an extra unbroken Z2 symmetry that makes rj 
stable, and an approximately unbroken 17(1)^ sym- 
metry that naturally realizes to^ < mh/2 [20]. In 
fig. 4, we analyze this possibility by computing the 
with and without invisible width and for differ- 
ent degrees of compositeness ^ = 0,0.1,0.25,0.5 (as 
described in ref. [20], in order to realize an approxi- 
mate U{1)^, top and bottom quarks must have differ- 
ent coupling structures to the strong sector, leading 
to Ct = Vl ~ C and C(, = (1 — 2^)/-y/l — ^; such non- 
universal couplings of the SM fermions with h lead to 
a bottom/tau-phobic top-philic ft, as ^ — > 1/2, a value 
however disfavored by EWPD). The limit ^ — )■ 0, cor- 
responds to the SM with invisible decays (see also 
[24, 25]). Although the best fit point corresponds to 
Bvinv 7^ 0, the is rather flat and Bri^v = is in 
the region preferred by the present data. For larger 
^, the preference for BRi^v 7^ is stronger. Fur- 
thermore, the situation with a small degree of com- 
positeness ^ is slightly better than the SM, as shown 
by the dashed curves in fig. 4. This can be readily 
understood from fig. 2: the SM with an increasing in- 
visible decay width corresponds to moving along the 
line n — towards the origin, trajectories where c is 
suppressed faster than a are preferred by the data. 

A. Higgs impostors? 



* Searches of monojet or dijets plus missing transverse energy 
can in principle differentiate these possibilities. 



Independently from the composite Higgs realiza- 
tion, the fact that h can mix with other states that 
do not necessarily participate in the breaking of the 
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electroweak symmetry (an analog example is the two 
Higgs doublet model discussed in the next section), 
raises the question of whether the state observed at 
the LHC is or is not the one whose VEV generates 
mw and mz- This can be done by measuring the pa- 
rameter a independently: while the Higgs field can 
have trilinear renormalizable couplings to WW and 
a = 1, impostors will have to couple to WW via loops 
(also the dilaton would couple to matter as m/f and 
could reproduce the observed excesses [12, 26]; it is 
however unlikely that, if / « w, there would have not 
been other observable deviations from the SM [27]). 
Therefore a < 1 might imply that the state we ob- 
serve is not the Higgs, or that it is a Higgs that mixes 
with another state. 

One possibility to answer this question, is to 
marginalize over all parameters except a. Since we 
don't know whether some of the Higgs couplings have 
large deviations from the SM values, another pos- 
sibility is to isolate some channels that are mostly 
sensible to a and are sensible to the least number of 
other parameters. In particular we choose the exclu- 
sive VBF channels pp — >■ hjj — >■ WWjj measured 
by CMS [15], which scales roughly as ~ a'^/cl and 
the exclusive associated production pp Vh Vbb 
measured both at Tevatron [18], CMS and ATLAS, 
which scales roughly as ~ a^. These channels are 
mostly insensitive to Cj and Cr and allow a study of a 
with Cfc as only other parameter. Fig. 5 shows that, 
unless Cf, ^ 1, values close to a ss 1 are preferred by 
data (we have checked that the influence of the other 
parameters is negligible). 



V. SO{6)/SO{4) X 5*0(2) AND NATURAL TWO 
HIGGS DOUBLETS MODELS 

The S'0(6)/50(4) x 30(2) coset delivers at low 
energy 8 PNGBs that can be identified with an ef- 
fective THDM [7]. Large contributions to the T- 
parameter can be avoided thanks to the symmetry 
C2 ■ (i?i,7?2) {Hi, ~H2), which also allows us to 
differentiate three cases: 

i) If C2 is exact, the model is a Type I THDM. 
The second doublet is heavy and inert [29] and 
there is no mixing between the CP-even states; 
this model resembles the SO(5)/SO(4) models 
of section III.^ 




FIG. 5: Preferred regions in the plane (a, ci,) using only 
the exclusive channels with associated production ( CMS and 
Tevatron) and VBF cuts (CMS). Colors as in fig. 1. A flat 
prior is assumed for a G [0, 3] and c;, G [0, 3] (this choice for 
the upper limit in ci, leads to the most conservative conclu- 
sions). 



ii) If C2 is spontaneously broken, an effective Type 
II THDM is realized at low energy, but only at 
the price of large fine-tuning (both Higgs VEVs 
have to be tuned much smaller than /). The 
couplings of a Type II THDM are [30] 



THDM 



yt 



sin /? ■ 
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Wb 

yb 



COS/3' 



(13) 



where tan f3 — vi/v2is the ratio between VEVs, 
and a is the mixing angle (the analog of Eq. (8) 
but for two doublets) ; the coupling of the light- 
est Higgs to the vectors is reduced, in compar- 
ison with the case of only one Higgs doublet, 
by sin(/3 — a). On top of mixing, also higher 
dimension operators reduce the couplings be- 
tween h and the SM vectors and fermions / (as 
in all composite Higgs models) and for small ^ 
we obtain 



a = (l-e/2)sin(/3-a), 

, , cos a 
ct = (l-e/2)- 



-(l-C/2) 



sin/3 ' 
sin a 



(14) 



cos/3 



We compare this model with the tree-level 



model of Ref. [7], where the C2 symmetry is unbroken by 
the top-quark couplings and is broken only by the smaller 
A similar ho phenomenology is realized in the almost inert Yukawas. 
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MSSM^ in fig. 6 in the (cj, Cf,)-plane with = 
Cr and for different slices of a = 0.8,0.9 (see 
ref. [32] for an approach with a marginahzed) . 
The black line shows the prediction for the 
MSSM varying (3 {a is fixed by the slice choice 
a = 0.8,0.9); the thin part of the line is un- 
accessible to the tree-level MSSM due to the 
peculiar relation between the quartic couplings 
in the potential [30]. The composite THDM is 
drawn in red. 

Hi) If C2 is explicitly broken, then a small VEV 
(^^2) 7^ 0, leading to tan/3 and a small 

mixing tana < C is generated [7]. In this case 
a Type III THDM originates, in which both Hi 
and H2 couple to each SM fermion /, 

^ffiHi+afH^) = ^/7(cosa+a/sina)/i? + ... , 

(15) 

where we have retained only the interactions of 
the lightest CP-even state and where Uf = 
(1 - C/2)y/^^ as discussed above. For FCNC 
to be suppressed, the Yukawas for Hi 2 must 
be aligned [30]. In fig. 6, red dashed line, we 
show the situation with at = a^^r ss 1, varying 

< « < e 

As shown in fig. 6, the preferred region is along the 
direction ct ~ —Cb = or, with less significance, 
along Ct ~ Cf, = Ct- Despite the different possi- 
bilities realized in composite THDMs, none touches 
the first preferred region, and the models that are 
preferred by the data are those closer to the line 
Ct « Cr ~ Cf, = c, which are more similar, in terms of 
h phenomenology, to the MCHM with S'0(5)/S'0(4). 

VI. CONCLUSIONS 

Using global fits with the most recent data pro- 
vided by ATLAS, CMS and Tevatron, we have ana- 
lyzed the parameter space given by couplings of the 
Higgs to top and bottom quarks, taus and vector 
bosons. We have shown that the hypothesis of a SM 
Higgs with TUh ~ 125 GeV agrees well with the data. 



Notice that if some superpartners (such as staus [33] or other 
states [34, 35]) are hght, the rate h — > 77 can be enhanced 
and the MSSM fit might change considerably; other loop- 
effects that contribute to the Higgs quartic, can also change 
this prediction [32]. 
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Ct 

FIG. 6: C.L. contours (colors as jig, 1) in the (ct,\ci,\) -plane 
for Cb = Ct and fixed values of a=0.8, 0.9 (upper and lower 
plot respectively) . The black line corresponds to the couplings 
of the elementary (composite) THDM Eg. (13), once fixed 
a=0.8, 0.9; the thick part is accessible to the tree-level MSSM. 
Red lines are for the composite THDM Type H (solid) and 
Type HI (red dashed, varying — f $ <^ $ S,)- Shown are also 
two points (black and gray) corresponding to the SO(5)/SO(4) 
coset, with ct = \/l — ^ and Cf, = {1 — 2£)/^l — J and vice 
versa; the red point is the MCHM5 for comparison. A flat 
prior Ct £ [—4,4] and C(, £ [0,4] is used. 



We have then studied different models, in partic- 
ular in the context of composite Higgs, to see what 
features could improve/worsen the situation of these 
scenarios when more data is available. In particu- 
lar, we have shown that, depending on the coupling 
structure of elementary fermions to the strong sector, 
the couplings of h to the SM fields can change con- 
siderably w.r.t. the SM case. Some composite mod- 
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els, such as the MCHM4, seem to pomt towards the 
disfavored direction. Other models, however, follow 
better the trend of data: the MCHM5, for instance, 
reduces the couplings of h to fermions, c, more than 
the one to vectors, a, and for small ^ crosses the best 
fit region with c > 0. Models with n > 4 in Eq. (7) 
have an even better trend, as the best fit region with 
C( < lies within their parameter space even for 
/ ^ 500 GeV. Different couplings of top and bottom 
quarks to the strong sector, on the other hand do 
not seems to ameliorate much the fit, although more 
drastic possibilities could be considered, that repro- 
duce the preferred region ct = —Cf, = —Cr, shown in 
fig. 6. 

We have also studied larger coset structures, such 
as SO(6)/SO(5), which contains an extra singlet in 
its light spectrum. We have shown that in this case, 
large invisible decays widths into a stable singlet, 
start to be in conflict with the data, although a small 
one cannot be excluded. On the other hand, a situa- 
tion in which the Higgs mixes with the singlet, which 
in turn has enhanced anomalous couplings to 77, is 
in good agreement with the data. 

Finally we have discussed S'0(6)/S'0(4) x SO{2) 
models which, in some cases reduce to a composite 
model with an inert doublet (Type I THDM) and 
the light Higgs phenomenology is not much affected, 
thus resembling to the SO(5)/SO(4) coset. If more 
fine-tuning is allowed, a version of a Type If THDM 
is possible; compared with the MSSM this has the 
advantage of having less constrained quartics, which 
allows the model to have both Cb > 1 and Cb < 1, thus 
covering a larger region of parameter space [32] . De- 
spite this, present data show a mild preference for the 
composite THDM only for sizable deviations from 
a = 1 (upper plot of fig. 6). Finally, if FCNC can be 
kept under control, a version of Type IH THDM is 
also possible. In this case the couplings of the second 
Higgs doublet to fermions enter as new parameters in 
the theory; despite this freedom, the greatest overlap 
with the best fit regions occur along ct ~ Cb^r which 
is the region also touched by the minimal model. In 
summary, the composite THDM provides its best fit 
to the data when the parameter space is such that its 
phenomenology resembles much that of the minimal 
composite Higgs model 50(5)/S'0(4). 

Note: While this work was in preparation, 
refs. [28, 36, 37] appeared, also discussing deviations 
of Higgs couplings from its SM values. 
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FIG. 7: Comparison between data analyses based on Bayesian 
interval ( as used throughout this work) and isocontours of con- 
stant = Xmin + 2-3, 5.99, 9.21 (the dashed ones). 
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APPENDIX 

Bayesian interval versus analyses 

In fig. 7 we compare the effects of using analyses 
based on (where the point Xmm ^^^^ found 
and then the 68%,95%,99%C.L. intervals are found 
as isocontours with, in the case two fitting parame- 
ters, = Xmin+2-3, 5.99, 9.21), versus analyses that 
use Bayesian intervals [38] (as done throughout this 
work). If is just a parameter and not a function 
depending on a,Ct,Cb,CT, the methods do not differ; 
however, when /i ~ fi(a, Ct, Cb, Cr) is a function of the 
parameters a,Ct^b,T as in Eq. (1), then the probabil- 
ity density function is no longer Gaussian in a, Ct.b,T 
and the two methods differ. As shown in fig. 7, how- 
ever, the small differences do not alter the qualitative 
conclusions. 
Cut efficiencies 

The production cross-section for channel i receives 



contributions from gluon fusion (G), vector boson fu- 
sion (VBF) associated production with a vector bo- 
son (A) and associated tt production (tth), 

EfySMz-i •yGCG+'yvBFCvBF+'^AQ\+'ytthCtth ' 

p "p Sp 

where the cut efficiencies Cp for each production 
mode p corresponding to channel i from table I are 
as follows: when only G, VBF or A is indicated, 
we have assumed no contamination from other pro- 
duction channels; inclusive channels correspond to 



Cg = c 



VBF 



Ca = C 



tth 



1; other channels, de- 



numbers in brackets denote efficiencies at 8 TeV, the 
others at 7 TeV [14], 



i 


Ch 


CvBF 


a 


("^ 

^tth 


770 


0.28(0.45) 


1(1) 


1.52(1.91) 


2.33(4) 


771 


1.16(1.2) 


1(1) 


1.36(1.4) 


0(0) 


772 


1.82(1.84) 


1(1) 


1.36(1.4) 


0(0) 


773 


1.82(1.84) 


1(1) 


1.36(1.4) 


0(0) 


II33 


0.029 


1 


0.01 





lljj (T) 


(0.024) 


(1) 


(0) 


(0) 


77ij(L) 


(0.094) 


(1) 


(0.063) 


(0) 



noted 77j)c in table I, are reported below, where the and the overall normalization in each line factorizes. 
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